technologic advances such as intraoperative electrophysiologic mapping and image guidance.
The Glioma Outcomes (GO) Project is a prospective longitudinal database begun in 1997 that tracked clinical practice patterns and outcomes among North American patients with malignant glioma, with the major objective of providing benchmark data to enable comparison of individual practice patterns and outcomes. We have previously reported on the prognostic factors and survival outcome for patients who had newly diagnosed malignant glioma and were enrolled in this study. 8 This database also presented a unique opportunity to describe clinical presentation in a modern population of malignant glioma patients, allowed analysis of current community practice patterns, and delineated the areas that should be considered for future rigorous evaluation and research in patients with malignant glioma.
METHODS
Between December 1997 and July 2000, 134 physicians enrolled 788 patients at 52 clinical sites. Patients were recruited by a physician or nurse in the neurosurgery or neuro-oncology clinic at participating institutions. The enrollment criteria included adult patients with primary grade III or IV glioma (glioblastoma multiforme, anaplastic astrocytoma, anaplastic oligodendroglioma, mixed anaplastic oligo/astrocytoma, and other anaplastic gliomas) undergoing a first or second operation for diagnosis or treatment. Excluded were potential new enrollees scheduled for their third or subsequent glioma operation, patients who refused to give written consent to participate, patients who could not read or understand English, and patients 18 years of age or younger. Participating clinical sites were requested to enroll consecutive patients, but no funds were budgeted to audit all hospital discharge lists for compliance. Details of a direct audit of the 4 centers with the highest enrollment numbers, with representative participation data, are given in a previous report from the GO Project. 9 All enrolled patients gave informed consent, and the study was reviewed and approved by the institutional review board at each participating institution.
Detailed information on data collection is available from previous reports from the GO Project. 9, 10 Briefly, completed data forms were sent to a central coordinating center (Center for Outcomes Research at the University of Massachusetts Medical School), where the data were double keyed into a central database. Electronic audit was performed to detect out-of-range values, inconsistencies, and omissions, and queries were faxed to study coordinators for resolution. Direct audit of initial perioperative physician report forms against patient medical records was performed at 4 of the centers with the highest number of enrollments. The data collection instruments included questionnaire forms given at enrollment, during the perioperative period, and at follow-up intervals of 3 months until death or a maximum of 24 months. The data were stored at a study-coordination center established at the Center for Outcomes Research at the University of Massachusetts Medical School.
Clinical presentation, surgical management, perioperative care, adjunctive therapies after definitive diagnosis, and survival outcome were recorded. Use of modern imaging techniques, specialized operative techniques, intraoperative therapies such as carmustine (1,3-bis(2-chloroethyl)-1-nitrosourea) biodegradable wafers or brachytherapy, perioperative cerebral edema management, and thromboembolic and seizure prophylaxis was specifically captured. Primary outcome measures included treatment, morbidity, and survival. Periods of depression were recorded by physicians and patients. Karnofsky Performance Status 11 (KPS; a standard measure of the ability of cancer patients to perform daily tasks) was used by physicians as a surrogate measure of general health status, and patients were asked several questions about their general health since diagnosis. Sociodemographic and related patient characteristics were also collected. Ethnicity was assessed to track relative incidence and possible variations in treatment; patients classified themselves by using racial categories defined by the National Cancer Institute. The full questionnaires for the GO Project are available online at http://www.glioma.org.
All patients with newly diagnosed malignant glioma enrolled in the GO Project were included in this analysis (n = 565). Patients with glioblastoma multiforme or grade III glioma were analyzed both aggregately and separately with respect to clinical characteristics and patterns of care. A previous report of this cohort reported in detail on prognostic factors and survival outcome. 8 For the purpose of this analysis, statistical tests were performed with a data set containing patient demographic information updated from previous reports from the GO Project. 8, 9, 12, 13 The statistical analysis was performed with SAS version 8.2 (SAS Institute Inc, Cary, NC). Significance was set at PϽ.05. For univariate analysis, categorical variables were analyzed using the 2 test or Fisher exact test, and continuous variables were analyzed using the Wilcoxon rank-sum test. The log-rank test and the Cox proportional hazards model were used for survival analyses, as described in a previous article from the GO Project. 8 The model was adjusted using the variables of patient's age, KPS score, extent of resection, and the use of radiation therapy or chemotherapy. Adjustment variables were selected according to results from the univariate analysis and expert clinical opinion. All variables in the final models met the same assumptions used in our proportional hazards model. Multivariable Cox proportional hazards regression was used to test differences between academic vs nonacademic centers, alternative medicine use, and clinical trial participation with respect to patient survival.
RESULTS
Data were relatively complete for most variables, although there were some PATTERNS OF CARE FOR MALIGNANT GLIOMA missing responses for all questions. Initial patient questionnaires were not received for approximately 153 of 788 patients, although follow-up data were received for many of these patients. There were a total of 565 patients with newly diagnosed malignant glioma (59% male). Twenty-six percent of patients had tumors with grade III histology. Data are presented in the tables aggregately, as well as separately, according to histology to assess whether clinical characteristics or patterns of care differed between the grades.
Demographics, tumor characteristics, and clinical presentation are summarized in TABLE 1. As expected, patients with grade III histology were younger, had better performance status, and were more likely to present with seizures. They were also more likely to have nonenhancing masses on neuroimaging. Headache was the most common presenting symptom. Seizures had occurred in 32% at presentation overall. Symptom duration was less than 1 month in most cases. There was no significant difference in symptom duration between patients with grade III tumors and patients with grade IV tumors. In 0.4% of patients, the tumor was found incidentally.
Diagnostic tests performed are summarized in 8 Brachytherapy, radiosurgery, and stereotactic radiation therapy were rare (Ͻ4%). Fifteen percent of patients participated in clinical trials. There was no significant difference in survival for participants according to participation in a formal clinical trial. Twenty-nine percent reported using alternative medicine; this was more common in patients younger than 60 years (35% vs 18% in those Ն60 years; PϽ.001). Types of alternative medicine as categorized by the GO questionnaires were high-dose vitamins, herbs, a macrobiotic diet, shark cartilage, antineoplastons, hydrazine, acupuncture, a faith healer, meditation, or "other." The most commonly used alternative medicines were meditation (9.5%), herbs (6.7%), and vitamins (6.6%). No difference in patients' survival was observed with alternative medicine use.
More patients were treated at academic institutions than community centers (59% vs 42%). Median KPS was 90 in both groups. Median age was younger for patients treated at academic institu- 4%; P = .04). Patients treated at community centers were more likely to go directly to supportive or hospice care (6.4% vs 1%; PϽ.001). Median survival was longer for patients treated at academic institutions than at community centers (54.6 weeks vs 40.1 weeks; P=.002); however, this was not an independent predictor of survival in a multivariate analysis examining tumor grade, patient age, KPS, resection vs biopsy, use of radiation or chemotherapy, and treatment at an academic institution vs community center, likely a reflection of the importance of the younger age of patients treated at academic institutions.
COMMENT
The GO Project afforded a unique opportunity to describe modern patterns of care for adult patients with malignant glioma. Demographics and tumor characteristics were similar to those of previous reports. 1, 14 Whites were the predominant ethnic group, and men had tumors slightly more often than women. Patients with grade IV tumors were older on average than patients with grade III tumors. Grade IV tumors were more likely to demonstrate contrast enhancement on CT or MRI; as in previous studies, 15 this demonstration was not universal. Just more than half of patients presented with headache. Memory loss, progressive motor deficits, or seizures each occurred in approximately one third of patients at diagnosis. Seizures were more common in patients with grade III tumors than in patients with grade IV tumors (PϽ.001). These clinical features and demographics are similar to those of previous reports, [16] [17] [18] suggesting that the GO Project captured a relatively representative population of patients with malignant glioma. One limitation of this study, as of any large registry database, is the limited assurance of compliance in the completion of questionnaire forms. In addition to the patient enrollment form, completed by the physician, the GO Project used 7 separate patient questionnaires, which arrived in the mail separately. Key patient demographic and clinical characteristics-eg, age, sex, tumor grade-were similar in patients with and without missing data points for the main study end points. This finding provides some level of reassurance that missing data points for key end points did not bias our conclusions.
Practice Patterns in Keeping With Published Literature
Most patients in this study underwent contrast-enhanced MRI at diagnosis (92%), craniotomy and attempted resection (75%), and postoperative radiation therapy (87%). Contrast-enhanced MRI is almost universally accepted as the imaging test of choice for malignant glioma, 6 and several randomized controlled trials have shown the efficacy of radiation therapy in this population. 4 The value of surgical resection (vs closed biopsy) is slightly more controversial, but maximum safe resection is still generally advocated. 8, 19 The practice patterns for imaging, surgery, and radiation therapy documented in the GO Project are in keeping with data available in the literature.
Practice Patterns That Contradict Established Guidelines
Antiepileptic prophylaxis for patients with newly diagnosed brain tumors is one of the few areas of brain tumor treatment in which practice guidelines have been published. 7 The American Academy of Neurology's practice parameters are based on a review of 12 studies (including 4 randomized controlled trials with subsequent meta-analysis) comparing seizure frequency in newly diagnosed brain tumor patients who did or did not receive seizure prophylaxis. Although it is accepted that patients who present with seizures should receive antiepileptic drugs (AEDs), there is strong evidence that prophylactic AEDs have little value for seizure-free patients with newly diagnosed brain tumors. Furthermore, AEDs are associated with significant adverse effects, requiring change in medication in up to 23% of patients. The American Academy of Neurology's practice parameters state that prophylactic AEDs should not be administered routinely to patients with newly diagnosed brain tumors (standard) and should be discontinued in the first postoperative week in patients who have not experienced a seizure (guideline). 7 In this light, it is somewhat surprising that 89% of patients in this study received AEDs, whereas only 32% presented with seizures. Clearly, administering prophylactic AEDs remains a common practice pattern. Eleven of the 12 studies the guidelines were based on were published before initiation of the GO Project. We hope this report will further highlight the limited value of prophylactic AEDs in newly diagnosed brain tumor patients and bring this to the attention of treating physicians.
Practice Patterns That May Conflict With Reported Literature
The modest efficacy of nitrosoureabased chemotherapy in the treatment of malignant glioma has been demonstrated with randomized controlled trials and subsequent meta-analyses. [20] [21] [22] In addition, since the completion of this study, temozolomide administered concurrently with radiation has been shown to be associated with improved survival. 23 In this study, only 54% of patients received chemotherapy, which was found to correlate significantly with increased survival. 8 Patients receiving chemotherapy tended to be younger (median age, 53.9 vs 60.6 years; PϽ.001) but had similar KPS scores (both groups had a median score of 90) and accounted for a percentage of grade III tumors (25.5% vs 26.3%) similar to that of patients who did not receive chemotherapy, which could be a result of a bias against treating older patients with chemotherapy that is not supported by the literature 20, 21 or patients or family choosing to decline treatment with chemotherapy; however, it may be that some patients and clinicians thought that modest efficacy did not justify the adverse-effect profile for carmustine and lomustine (the most widely used chemotherapy agents for malignant glioma available during the GO Project). The preliminary positive results of a European phase 3 study of radiation and temozolomide may further change practice patterns.
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Practice Patterns Suggesting Further Research
Practice patterns for several perioperative medications highlight areas for further study. For example, only 7% of patients received prophylactic low-dose heparin despite deep venous thrombosis occurring in 3% to 60% of patients within 6 weeks of surgery for malignant glioma. 25 The literature about the safety and efficacy of low-dose heparin prophylaxis for brain tumor patients is conflicting. [26] [27] [28] Carefully designed and implemented trials such as the Dalteparin in Malignant Gliomas Study recently initiated by the Ontario Clinical Oncology Group of Cancer Care Ontario (James R. Perry, MD, oral communication, June 2003) will be required to resolve this issue. Thirteen percent of newly diagnosed patients enrolled in the GO Project had symptoms of depression reported by their physician, 9,12 but only 28.6% of these and 7% of all newly diagnosed patients were given antidepressant medication. One possible reason may be concern about interactions with antiepileptics, though 35 patients did receive antiepileptics and antidepressants. Further prospective studies need to be done to explore this finding and its implications. Finally, administration of corticosteroids to reduce neurologic symptoms (99% of patients in this study received corticosteroids) is supported by numerous reports 6, 29, 30 but can have well-known, significant adverse effects such as immunosuppression, hypertension, diabetes, and my-PATTERNS OF CARE FOR MALIGNANT GLIOMA opathy that may be ameliorated by lower doses. 31 It may be reasonable to consider developing consensus guidelines to optimize corticosteroid dosing.
Intraoperative image guidance and electrophysiologic mapping were used in a minority of patients (29% and 19%, respectively). These are well-established adjuncts to surgical resection of tumors in eloquent cortex; however, despite reports of the value of these modalities in the resection of malignant gliomas, [32] [33] [34] [35] no controlled prospective trials have established that they improve outcome. In the GO Project, they were not associated with any change in postoperative neurologic outcome 12 or survival; however, it is possible that they allowed resection of tumors that would otherwise have been inoperable, which could have significant prognostic implications because patients in this study who underwent craniotomy and resection had improved survival compared with patients who underwent closed biopsy. 8 Unfortunately, the factors that influence the decision for extent of resection, such as tumor location and size or comorbidity, were not recorded in the GO Project, and the utility of these techniques is an important area for further study. The availability of surgical adjuncts at the participating centers was not captured, so it is unclear what percentage of surgical procedures recorded by the GO Project could make use of these technologies. Only 11% of patients had chemotherapy wafers implanted, the majority in grade IV patients. Since the completion of accrual to the GO project, Westphal et al 22 have reported the results of a phase 3 randomized study in patients with newly diagnosed malignant glioma, which resulted in US Food and Drug Administration approval of this intervention at initial surgery. It would be interesting to assess the use of this modality since the publication of this study in 2003.
The overall poor survival for patients in this study who were diagnosed with malignant gliomas (40.9 weeks) 8 confirms the importance of developing novel therapeutic strategies. Only 15.1% of patients participated in clinical trials; details on clinical trial participation are presented in a previous article from the GO Project. 13 Multivariable Cox proportional hazards regression was used to test for differences between patients who participated in a clinical trial or not with respect to patient survival. This analysis was adjusted using the model variables from an earlier article from the GO Project. 8 There was no significant difference in survival for participants according to participation in a formal clinical trial. Twice as many patients (29%) used some form of alternative medicine than participated in clinical trials. No difference in patients' survival was observed with alternative medicine use when statistical methods similar to those used for analyzing the effects of participation in clinical trials were used. Physicians and investigators should notice the relatively high rates of alternative medicine use because there could be drug interactions that affect metabolism of concomitant medications such as chemotherapeutics or AEDs.
Impact of Practice Patterns on Survival Outcome
Significant variations in patterns of care were noted between academic and community practices. Patients treated at academic institutions were more likely to report the use of medications unrelated to the central nervous system, such as anxiolytics and antiulcer agents. Academic institutions were also more likely to use image guidance and electrophysiologic mapping to aid tumor resection, and patients tended to have a shorter length of hospital stay, to receive radiation and chemotherapy, and to participate in clinical trials. Surgeons at academic institutions were less likely to report gross total resection or to use chemotherapy wafers. Treatment at an academic center was associated with improved survival in univariate analysis but was not significant in multivariate analysis, which probably largely reflects the younger age of patients and the increased volume of patients treated at academic centers 36, 37 and the increased use of radiation and chemotherapy at these institutions. The average volume of patients treated at the individual academic or community centers, or per individual surgeon, was not captured in the GO Project and could not be evaluated.
CONCLUSION
We present patterns of care for a large group of patients with newly diagnosed malignant glioma treated in the modern era. Some common practice patterns are in keeping with published literature (eg, use of radiation therapy), some contradict published guidelines (eg, frequent prophylactic AED administration) or may conflict with published literature (eg, relatively infrequent use of chemotherapy), and still others point out areas for further investigation in this population, including heparin prophylaxis for venous thromboembolism, antidepressant medication, corticosteroid dosing, and use of surgical adjuncts. Variations in patterns of care were associated with differences in survival; establishing further practice guidelines may help reduce this variability. One of the major benefits of the GO Project is that it provides a broad historical cohort that can be used as a comparison for future prospective studies.
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